Abstract Pattern formation by the genes dachshund (dac), Distal-less (Dll), extradenticle (exd) and homothorax (hth) in spider appendages has been studied previously only in members of the higher spiders (Araneomorphae). In order to study the diversity and conservation of pattern formation in spiders as a whole, we studied homologs of these genes in embryos of the bird spider Acanthoscurria geniculata, which belongs to the Mygalomorphae, a more primitive spider group. We show that the patterns of dac and Dll are largely conserved in all spiders studied so far. We find a duplication of hth and exd genes as previously identified in the higher spider Cupiennius salei. These data suggest that pattern formation shows little diversity in all spiders, including the duplication of hth and exd that likely occurred before the split of Mygalomorphae and Araneomorphae. We also find that the legs and pedipalps bear endites of which only the pedipalpal endite expresses Dll and is retained in the adult. Similarly, the limb buds of the posterior spinnerets express Dll and become segmented appendages in the adult, whereas the anterior spinnerets lack Dll expression and are absent in postembryonic stages. In both cases, the expression of Dll or the lack of it indicates structures which will be retained as adult traits or rudimentary structures that degenerate, respectively. The presence of embryonic rudiments of leg endites in Acanthoscurria and the leg-like pattern formation in the posterior spinnerets are interpreted as primitive traits that have been lost in the Araneomorphae.
Introduction
The evolutionary success of the arthropods is, to a large part, founded on the diversity of their appendages which have been adapted to a large number of functions. A major goal of evolutionary developmental biology is to understand how evolutionary changes in developmental genetic mechanisms lead to novel morphological traits, e.g. new appendage types, that can adapt to new functions.
Spiders have a number of different appendage types along their body axis. The opisthosoma (abdomen) bears four pairs of highly specialised appendages: the appendages on opisthosomal segments 2 and 3, after a short phase of outgrowth, invaginate and give rise to a complex respiratory system inside of the body. The appendages on opisthosomal segments 4 and 5 are the spinnerets that form a silk spinning and weaving apparatus. The appendages on the prosoma (head and trunk) are mainly used for feeding and locomotion, but can have additional functions as well. The most anterior appendage is the bilobed labrum that likely evolved from an anterior appendage pair by rotation and fusion (Kimm and Prpic 2006) and that serves as the upper lip during feeding. The following pair of appendages, the chelicerae, are used for prey capture and feeding and they inject the venom into prey animals. The next pair, the pedipalps, are a multifunctional appendage pair, which is used for sensory perception, feeding and, in males, sperm transfer during mating. The following four pairs of walking legs are mainly locomotory appendages, but are also equipped with organs for sensory perception and are also used for other functions such as prey capture.
Previous studies in spiders have shown that the patterning of pedipalps and legs is very similar (Abzhanov and Kaufman 2000; Prpic and Damen 2004) , probably reflecting their morphological similarity. Pattern formation in the chelicera, however, is different from the legs and pedipalps, suggesting that the differences in pattern formation correlate with the specific morphology of the chelicera (Prpic and Damen 2004) . However, these studies have only involved representatives of the higher spiders, the Araneomorphae (for an overview of spider phylogeny, see Fig. 1a ). Members of the two other spider groups, the Mesothelae and the Mygalomorphae, have not yet been studied. Thus, it is currently unclear whether the patterns in the araneomorph members studied so far are representative of the spiders as a whole. The Mesothelae (less than 100 described species) are a basally branching spider group and display a number of primitive traits including a fully segmented opisthosoma (hence, their common name "segmented spiders"). Unfortunately, these spiders are rare, very difficult to breed and embryos are not yet available for molecular studies. We have, therefore, used a member of the spider group branching after the Mesothelae, the Mygalomorphae (bird spiders). The studied species, Acanthoscurria geniculata ( Fig. 1d) , is a large and colourful bird spider distributed in Brazil (South America). We have studied the expression of several leg patterning genes in Acanthoscurria embryos and we show that the patterns are largely conserved between mygalomorph spiders and the higher spiders of the Araneomorphae. However, A. geniculata also shows traits like embryonic endite rudiments on the legs and leg-like morphology and pattern formation in the posterior spinnerets, which we interpret as primitive characters lost in the Araneomorphae.
Materials and methods

Embryo collection and fixation
Embryos of A. geniculata were obtained from a female in the private collection of the first author. Only a single cocoon was available for study. The embryos of Cupiennius salei and Achaearanea tepidariorum were obtained from our laboratory stocks in Göttingen. Embryos of all three species were fixed according to the published protocol for Cupiennius embryos (Prpic et al. 2008a ).
Gene cloning
Total RNA was isolated using Trizol (Invitrogen) according to the manufacturer's instructions and cDNA was synthesised with the Smart polymerase chain reaction (PCR) cDNA Synthesis Kit (Clontech). Fragments of the genes Dll, dac, exd and hth were isolated by PCR using the previously published primers (Prpic et al. 2001 Prpic and Tautz 2003) . The hth-2 fragment, however, resulted from priming of the nested reverse primer only. This is the reason why it is shorter than the hth-1 fragment which resulted, as expected, from the priming of the nested forward and reverse primer pair. The orthology of all cloned fragments was assessed by phylogenetic analysis as described previously (Prpic et al. 2005) . The sequences of the fragments are available in GenBank under the following accesion numbers: Acanthoscurria: Dll (FM876228), dac (FM876227), hth-1 (FM876231), hth-2 (FM876232), exd-1 (FM876229), exd-2 (FM876230); Cupiennius: Dll (AJ278606); Achaearanea: Dll (FM876233).
In situ hybridisation and nuclear stains
The detection of mRNA in fixed embryos has been performed by whole-mount in situ hybridisation (Prpic et al. 2008b ). For DNA staining, fixed embryos were rehydrated stepwise in phosphate-buffered saline with 0.1 % Tween-20 (PBST) and incubated for 1 h in Sytox Green Fig. 1 Overview of the phylogenetic relationships of the spider species used in this work. a Simplified phylogenetic tree showing the relationships of the three major spider groups: Mesothelae, Mygalomorphae, and the higher spiders Araneomorphae (boxed). The names of the species in this study are given in parentheses below the names of the larger taxa. Photos of adult females of the species in this study: b A. tepidariorum, c C. salei and d A. geniculata. Scale bar is 1 cm in all panels
(1:5,000 in PBST). Incubation was followed by several washes in PBST. Retained Sytox Green was visualised with UV light under a Leica dissection microscope equipped with an Intas digital camera. Spider appendages were dissected as described previously (Prpic et al. 2008c ) and images were captured with a Zeiss Axioplan-2 microscope equipped with an Intas digital camera. All digital images have been subjected to adjustment of brightness, colour values and contrast using Adobe Photoshop 7.0 for Apple Macintosh.
Results
External morphology of Acanthoscurria geniculata embryos
We have examined embryos of A. geniculata at the late inversion stage. The embryos are huge compared to the embryos of C. salei and A. tepidariorum, two other spider species commonly used in comparative developmental studies (for an image of the adult animals, see Fig. 1b, c; McGregor et al. 2008 ). The embryos (approximately 2 mm in diameter) are more than double the size of Cupiennius embryos and more than four times the size of Achaearanea embryos (Fig. 2a) . At the late inversion stage, the germ band is split along the ventral midline and dorsal closure is almost complete. At the anterior end, the ectoderm has almost fully overgrown the brain anlage (for details on spider neurogenesis, see Stollewerk 2002) and future anterior dorsal tissue is growing from the anterior rim of the head lobes (Fig. 2b) . In lateral view, it can be seen that a large portion of the dorsal tissue is already present (Fig. 2c) .
At the anterior end, directly behind the brain, is a bilobed labrum, followed by a pair of chelicerae (Fig. 2b) . The chelicerae comprise a proximal base and a slightly tapered distal end that we term the "crown" and that will give rise to the claw in the fully developed appendage. The following appendages of the prosoma are one pair of pedipalps ( Fig. 2b ) and four pairs of walking legs (Fig. 2c) . In Acanthoscurria, the embryonic pedipalps and walking legs are morphologically very similar. The pedipalp is almost as long as the walking legs (Fig. 3b) . Intriguingly, all legs and the pedipalp have a proximal protrusion which is the primordium of the gnathendite (Fig. 3a, b ). This is surprising because, in the adult animals, only the pedipalp has a large gnathendite whereas the walking legs do not have gnathendites. However, the gnathendite growing from the embryonic pedipalp is larger than the gnathendites on the walking legs, probably already reflecting the beginning reduction of the walking leg gnathendites.
The opisthosoma has four pairs of appendages (Fig. 3c ). The first two pairs are morphologically virtually identical at All embryos are to scale (scale bar is 500 µm) and anterior is up. b Frontal view of an Acanthoscurria embryo. The brain (br) and the appendages (see abbreviations below) are labelled. The arrow denotes dorsally growing tissue. c Lateral view of an Acanthoscurria embryo. The appendages and the opisthosomal segments are labelled (see abbreviations below). The arrow points to the invagination sites in the ventral nervous system of the opisthosoma. br brain, ch chelicera, L1-L4 walking leg 1 to 4, lr labrum, O1-O5 opisthosomal segment 1 to 5, pp pedipalp this stage and will give rise to the breathing organs. There is a small pit behind these appendage buds, which we interpret as the beginning invaginations of the future respiratory system. The next pair of opisthosomal appendages is very small. These limb buds are the anlage of the anterior pair of spinnerets. The anterior pair of spinnerets is present in many spider groups, but is completely reduced in adult mygalomorph spiders. The following appendage pair is significantly larger and will give rise to the posterior pair of spinnerets.
Isolation of leg patterning genes from Acanthoscurria geniculata
In order to study pattern formation in these appendages, we have isolated a set of appendage patterning genes that have already been used for this purpose in a number of other arthropod species, including spiders (e.g. Abzhanov and Kaufman 2000; . A fragment of the homeobox of the Acanthoscurria Dll gene was isolated using the previously published degenerate Dll homeobox primers (see the Materials and methods section). The sequence of this fragment was then used to design nested gene-specific primers that were used together with the previously published dlx motif 1 primer (Prpic and Tautz, 2003) to amplify a larger portion of the Acanthoscurria Dll gene. While only a single dac gene fragment could be isolated, the cloning of the exd and hth fragments yielded two different fragments for each gene. Phylogenetic analysis of these fragments (Fig. 4a, b ) revealed that they are orthologous to genes known from another spider, C. salei, and we designate the Acanthoscurria genes from which the fragments derive accordingly as exd-1, exd-2, hth-1 and hth-2. These data suggest that the duplication of the hth and exd Fig. 4 Phylogenetic analysis of the exd and hth sequences from A. geniculata. Shown is the 50% majority-rule consensus tree for exd (a) and hth (b). The search method was full heuristic and the optimality criterion was set to parsimony. The numbers on the edges are bootstrap resampling values. Species abbreviations: Ag A. geniculata, Am Apis mellifera, Cs C. salei, Dm Drosophila melanogaster, Gb Gryllus bimaculatus, Gm G. marginata, Mm Mus musculus, Nv Nasonia vitripennis, Of Oncopeltus fasciatus, Ph P. hawaiensis, Tc Tribolium castaneum. Anopheles denotes A. gambiae; Saccoglossus denotes S. kowalevskii; Strongylocentrotus denotes S. purpuratus; aphid denotes Acyrthosiphon pisum genes occurred at the base of Araneae before the split between Mygalomorphae and Araneomorphae.
Embryonic expression of leg patterning genes
We next determined the expression patterns of these genes by whole-mount in situ hybridisation. We report first on the expression in the whole embryo and focus on the pattern in the appendages in the next chapter.
Apart from the appendages, dac is strongly expressed in the central nervous system (Fig. 5b, c) . The strongest expression is detected in the celiceral neuromere (Fig. 5c) , and a slightly weaker expression is seen in groups of cells in the protocerebrum (Fig. 5c ) along the anterior rim of the head lobes and in the ventral nerve cord. Expression of dac is also detected in the ectodermal regions of the hind gut, the stomodaeum. In the forming heart, strong expression of dac is detected (Fig. 5a) .
The Dll gene is mainly expressed in the appendages (see below). However, there is a weak expression domain in a group of cells in the head lobes ( Fig. 5f ) and there is also a small expression domain at the posterior end of the germ band (Fig. 5d, e) .
The two exd genes are expressed at a low level in the head lobes (Fig. 6b, d ). In addition, exd-2 is expressed in the dorsal tissue of the opisthosoma in a segmental fashion (Fig. 6c) , indicating the presence of metameric units in this area. A similar expression pattern is seen with hth-1 and hth-2 (Fig. 6e, g ), but the dorsal stripes of hth-1 expression are thinner and more defined than the exd-2 and hth-2 stripes. The genes exd-2 and hth-1 are also expressed in the head lobes and in the ventral nerve cord (Fig. 6d, f) .
Expression of dac, Dll, exd and hth in the appendages The bilobed labrum strongly expresses Dll and the expression is strongest at the two tips of the labrum (Fig. 5f ). We could not detect expression of dac in the labrum (Fig. 5c , and data not shown). Both exd and hth genes are expressed in the labrum. The expression of exd-1, exd-2 and hth-1 in the labrum is relatively strong (Fig. 6b, d, f) , whereas hth-2 is expressed at a low level (Fig. 6h) .
The chelicera does not express dac (Fig. 7a) . The expression of Dll fills almost the entire chelicera except for the most proximal portion (Fig. 7b) . Both hth-1 and exd-1 are expressed throughout the chelicera (Fig. 7c, e) , whereas hth-2 is expressed in a weak medial ring and in the crown (Fig. 7d) , and exd-2 is expressed in the proximal two thirds of the chelicera with a straight and sharp border of expression near the distal end of the basal part of the chelicera (Fig. 7f) .
The legs and the pedipalp all show very similar expression patterns of all genes. The dac gene is expressed in a medial domain that corresponds to the future segments trochanter and femur in both appendage types (Fig. 7g, m) . Dll is expressed in the distal portion of pedipalps and legs (Fig. 7h, n) that will give rise to the future leg segments femur, patella, metatarsus and tarsus and the future pedipalp segments femur, patella and tarsus. There is an additional expression domain in the tip of the gnathendite of the pedipalp (Fig. 7h) , whereas the smaller gnathendites of the walking legs do not express Dll (Fig. 7n) . The hth-1 gene is expressed throughout the leg and pedipalp except for the tarsal segment (Fig. 7i, o) . The hth-2 gene is expressed in segmental rings in both pedipalp and leg (Fig. 7j, p) . The cn cheliceral neuromere, h heart, hg hind gut, hl head lobe, pc protocerebral expression domains, pe posterior end of the germ band, vnc future ventral nerve cord rings of expression coincide with the future borders between trochanter and femur, femur and patella, patella and tibia and tibia and the next segment, which is the tarsus in the pedipalp and the metatarsus in the leg. There is also a cloudy expression in the coxa of both appendage types. The expression patterns of exd-1 and exd-2 are very similar (Fig. 7k, l, q, r) . There is a diffuse expression in the coxa, a stronger expression domain in the gnathendite and a ring at the future border between patella and tibia. In the exd-2 pattern, there is an additional, very weak ring of expression at the future border between trochanter and femur.
The genes exd-1, exd-2 and hth-2 are expressed in all four opisthosomal appendages (Fig. 6a, c, g ), whereas dac and Dll are only expressed in the posterior spinnerets (Fig. 5a, b, d, e) . The posterior spinnerets of adult Acanthoscurria are leg-like and consist of three movable segments. In order to compare the expression patterns in the legs with those in the posterior spinnerets, we have analysed the expression patterns in the posterior spinnerets in more detail. The dac gene is expressed in a medial domain in the posterior spinneret bud, but this ring is incomplete on the ventral side (Fig. 7s) . Dll is expressed in the distal half of the posterior spinnerets (Fig. 7t) . The hth-1 gene is expressed throughout the posterior spinneret, but there is a clearing of the expression in the tip (Fig. 7u) that is similar to the complete absence of expression in the tarsus of pedipalp and leg (Fig. 7i, o) . The genes hth-2, exd-1 and exd-2 are expressed at the base of the posterior spinnerets (Fig. 7v, w, x) .
Discussion
Patterning of the prosomal appendages is very similar to higher spiders
The set of genes studied here has already been studied in detail in the prosomal appendages of a higher spider species, the ctenid C. salei Prpic and Damen 2004) . A limited set of data is also available for the spider Steatoda triangulosa (Abzhanov and Kaufman 2000) . The available data show that the expression of dac and Dll in the prosomal appendages is virtually identical in all three spider species. This suggests that, at the level of these patterning genes, there is no significant diversity of patterning mechanisms in the entire Arachnida. In Cupiennius, some additional expression domains of dac in the proximal coxa of the pedipalp and legs and a late basal expression within the chelicera have been reported (Prpic and Damen 2004) . These expression domains are lacking in Acanthoscurria; however, the extra domains in Cupiennius are only present during some developmental stages and might have been missed in the limited material of Acanthoscurria that we had available for study.
The genes exd and hth are present in two paralogs each in Cupiennius , and the same situation is present in Acanthoscurria. The proteins encoded by the two genes are known co-factors in Drosophila and are involved in providing proximal positional information during PD axis formation (e.g. Abu-Shaar and Mann 1998). It has been argued previously that one set of paralogs, namely, hth-1 and exd-1, provides the same function in spiders . The other set, hth-2 and exd-2, based on its expression in segmental rings, is likely involved in leg segmentation. Indeed, recent work has shown that the distal ring of the exd-1 pattern in Cupiennius is activated by the Notch pathway which is also involved in leg segmentation (Prpic and Damen 2009 ). In Acanthoscurria, both exd genes are expressed in the proximal leg and in distal rings and thus could both combine a proximal and a segmental role. The two Acanthoscurria hth genes are expressed like their Cupiennius homologs, except that the hth-1 ring in the tarsus and the distal-most hth-2 ring at the metatarsal/tarsal Fig. 7 Expression of patterning genes in the appendages of Acanthoscurria. a-f Expression patterns in the chelicera. g-l Expression patterns in the pedipalp. m-r Expression patterns in the leg. s-x Expression patterns in the posterior spinneret. The appendages are arranged in columns according to the gene and the gene name is given above the columns. The arrows in h, k, l, q, r point to the expression in the embryonic gnathendites. The arrowheads in j-l, p-r point to the segmental rings of expression. The arrow in s points to the incomplete ring of dac expression. The arrow in u points to the clearing at the tip in the hth-1 pattern. Proximal is up and ventral is to the left in all panels. Abbreviations see Figs. 2 and 3 joint are missing. The Acanthoscurria patterns are consistent with a role of hth-1 in PD axis patterning and hth-2 in leg segmentation. It has been noted previously that the expression patterns of exd-1 and hth-1 are reversed compared to the expression of exd and hth in Drosophila and other insects . The Acanthoscurria data provide further evidence that the reversed condition is common to all spiders. The reversed condition is also found in the myriapod Glomeris marginata (Prpic and Tautz 2003) , whereas the crustacean Parhyale hawaiensis shows a situation similar to insects, and it has been proposed before that the reversal of the exd and hth expression patterns occurred in the pancrustacean lineage (Prpic and Telford 2008) . It is unclear, however, whether the reversed condition shared by spiders and myriapods is a synapomorphy of the two groups or rather represents a plesiomorphic state tracing from an arthropod ancestor.
In the antenna of Drosophila, exd and hth overlap throughout the appendage which has been shown to be a prerequisite for the development of antennal morphology (Dong et al. 2000 (Dong et al. , 2002 . It has previously been noted that the expression patterns of Dll, dac, exd-1 and hth-1 in the chelicera resemble those in the antenna of Drosophila (Prpic and Damen 2004) . The insect antenna is homologous to the spider chelicera (Damen et al. 1998; Telford and Thomas 1998; Mittmann and Scholtz 2003) , suggesting that the similarities indicate a common homologous patterning process of the arthropod antennal appendage. However, the status in outgroups is not known and the Drosophila condition is not conserved in the antennae of other insects (Gryllus, Tribolium) (Ronco et al. 2008; Toegel et al. 2009 ). This supports the alternative hypothesis that the pattern similarities in spiders and Drosophila are homoplasies.
Gnathendites are in the ground-plan of the arachnid post-cheliceral appendage Ventral outgrowths from the main appendage axis, termed endites, are present in all arthropod groups, including extinct fossil groups (e.g. Ramsköld and Edgecombe 1996) . In insects, for instance, two endites each are present on the maxilla and the labium, and crustacean appendages can have multiple endites along the ventral side of the appendages. The most proximal endite on an appendage is called the gnathendite because, in most cases, it is used for food processing and thus has a gnathal function.
Spiders do not possess gnathendites on the walking legs and the chelicera, but a large gnathendite is present on the coxa of the pedipalp. Intriguingly, Acanthoscurria embryos show endites growing from the coxae of the walking legs as well. These are not retained in the adult and thus are embryonic rudiments. The endite on the pedipalp expresses Dll; the lack of Dll expression in the endites on the walking legs might be correlated with the later degeneration of these structures.
The presence of rudimentary gnathendites on the walking legs argues against the notion that the gnathendite is a specific innovation of the pedipalpal appendage and strongly suggests that the presence of a fully developed gnathendite is in the ground pattern of the arachnid postcheliceral appendage. The homology of this gnathendite and the gnathendites in other arthropod groups is currently unclear. Developmental genetic data, including the proximal co-expression of exd and hth (e.g. and the function of the Dll gene (e.g. Beermann et al. 2001; Schoppmeier and Damen 2001; Khila and Grbic 2007) , argue for the homology of the proximal part of the legsthe coxa plus the gnathendite-in all arthropods. Fossil data, however, suggest that the chelicerate coxa is homologous to the crustacean basis; the crustacean coxa is thought to be derived from a proximal endite in an ancestral appendage type (Waloßek 1995) . The arachnid gnathendite could be homologous to this proximal endite and, by inference, the crustacean coxa. The arachnid post-cheliceral appendages would thus represent a primitive appendage type before the evolution of a "true" coxa. Further studies involving additional proximal genes, e.g. teashirt, might resolve this issue further.
Distal-less expression prefigures the number of adult spinnerets
The Mesothelae (segmented spiders) and the Araneomorphae (higher spiders) have two pairs of spinnerets in the adult: one anterior pair and one posterior pair in opisthosomal segments 4 and 5, respectively. In addition, there are sometimes so-called median spinnerets (Fig. 8g, h) . These, however, are secondary outgrowths formed by splitting from the posterior spinnerets (Foelix 1996) . The third group of spiders, the Mygalomorphae, to which Acanthoscurria belongs, lack the anterior pair of spinnerets. However, embryonic rudiments of these spinnerets are present (see Fig. 3c ). The posterior pair in the adults is strikingly leglike and has three segments (Fig. 8i) . This morphology and the leg-like gene expression patterns shown in this work suggest that the spinnerets are serially homologous to legs. In contrast to this notion, previous work has argued that spinnerets are homologous to the gills of crustaceans and the wings of insects (Damen et al. 2002) . Our data do not support this hypothesis; however, more data, especially the expression of wing-or gill-specific genes, are required to further resolve this issue.
Interestingly, the embryonic rudiments of the anterior spinnerets in Acanthoscurria do not express Dll while the posterior spinnerets express Dll strongly (see Fig. 8c, d ). Similar to the gnathendites in the pedipalp and the walking Fig. 8 Dll expression prefigures the number of adult spinnerets. In C. salei (a, d, g) and A. tepidariorum (b, e, h) large spinneret primordia develop on opisthosomal segments 4 and 5 (a, b). Both primordia pairs express Dll (d, e) and will give rise to one anterior and one posterior pair of spinnerets in the adult (g, h). By contrast, in A. geniculata (c, f, i), only the primordium in opisthosomal segment 5 is large (c), expresses Dll (f) and gives rise to a pair of posterior spinnerets in the adult (i). The embryos in a-c are Sytox Green stained. g-i Cuticle preparations of the posterior end of the spider species including the spinnerets. Note the presence of median spinnerets in g and i. These are also present in A. tepidariorum, but cannot be seen in the figure, because they are small and covered by the posterior spinnerets. Also note that the posterior spinnerets in A. geniculata are fully segmented (segments are denoted by numbers), and anterior spinnerets are lacking in the adult. The insets in g-i are schematic drawings of the opisthosomal segments 4 and 5 (denoted by the dotted line) showing the full adult complement of spinnerets, including the smaller accessory median spinnerets of opisthosomal segment 5. The drawings are simplified after Foelix (1996) . Abbreviations see Figs. 2 and 3. Additional abbreviation: as anterior spinnerets, ms median spinnerets, ps posterior spinnerets legs, expression of Dll prefigures the structures that will be retained in the adult, and lack of Dll correlates with the degeneration of the structures in the embryo. This conclusion is further supported by the expression pattern of Dll in the spinnerets of C. salei and A. tepidariorum. In both species (both belong to the Araneomorphae), anterior and posterior spinnerets are present in the adult (Fig. 8g,  h) , and in both species, Dll is expressed in both spinneret pairs during embryonic development (Fig. 8a, b, d, e) . Thus, the expression of Dll prefigures the number of adult spinnerets.
